. Schematic illustrating the growth of doped ZnO NRs during the hydrothermal process. When the trivalent dopants substitute the divalent Zn sites, oxygen adsorbs more readily on the growing surface. Consequently, the vertical and lateral growth rates of the doped NRs increase.
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2 Figure S2 . Raman spectra of the UZO, IZO, GZO, and IGZO NRs. The Raman spectra were indexed with all ZnO NRs. For all NRs, the ZnO peaks were located at 100 and 439 cm -1 . The latter may be attributed to the low and high E2 modes (E2L and E2H, respectively) of nonpolar optical phonons, which indicate that ZnO NRs are monocrystalline. For the IZO NRs, all peaks intensities and positions are similar to those of UZO NRs except for the E2H-E2L peak. On the other hand, for the GZO NR, Ga doping introduces three additional peaks related to the Ga content. Especially, the peak located at 629 cm -1 may be assigned as local vibrational modes (LVMs) involving Ga point defects such as substitutional Ga (GaZn) and/or Ga interstitials (Gai). 
